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57 ABSTRACT 

The present invention provides histamine derivatives and 
methods for using histamine derivatives as immunomodu 
lators and in immunotherapeutics. More specifically the 
present invention provides methods for inhibiting at least a 
portion of an an antigen specific antibody response and/or a 
portion of a T-cell proliferative response by the immune 
system of a mammal comprising administering to said 
mammal an effective amount of a composition comprising at 
least one histamine derivative having binding specificity for 
at least one histamine receptor. 

9 Claims, 3 Drawing Sheets 
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HISTAMINEDERVATIVES USEFUL AS 
IMMUNOMODULATORS 

This invention was made with Government support 
under contract HL26403 and AI23463 awarded by the 
National Institute of Health. The Government has certain 
rights in this invention. 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of U.S. application Ser. 
No. 08/146,837, filed Nov. 12, 1993, now abandoned, which 
is a continuation of Ser. No. 07/826,578, filed Jan. 27, 1992, 
now abandoned. 

FIELD OF THE INVENTION 

The invention relates generally to histamine derivatives 
and methods for modulating the immune system of mam 
mals and more particularly, to methods of modulating the 
immune system using compositions comprising histamine 
derivatives. 

BACKGROUND OF THE INVENTION 

With the increased level of understanding concerning the 
immune response process in mammals, there is a growing 
awareness that certain molecules are generally nonspecific 
as to their effects on single cell types in a mixture of cells. 
A critical need exists for agonists that are effect or cell 
specific. 

Histamine is a small molecule that has been shown to 
have a significant role in the immune response process in 
mammals. However, its ubiquitous effects on many cells that 
have receptors for histamine limits its possible immuno 
therapeutic use. Histamine derivatives that are tissue-di 
rected or effect-specific would significantly aid in determin 
ing the role of histamine in immune modulation and produce 
valuable immunotherapeutics. 

Histamine can substantially modulate models of immune 
responses in mammals, particularly models of delayed 
hypersensitivity and T and B cell functions. Histamine is 
synthesized during different phases of response to antigen 
and is able directly or indirectly to effect further responses 
to antigen. It is possible that the concentration of histamine 
in tissue during inflammation and immune response can 
modify the function of a number of lymphoid cells. 
Although these effects may be substantial, the direct effect 
on single cell types in a mixture of cells cannot be deter 
mined unless the agonists are effect or cell specific. Ubiq 
uitous effects of agonists on all cells that have receptors for 
histamine would limit any immunotherapeutic use of hista 
mine. See Khan, et al., Clin. Immunol. Rev. (1985), Mel 
mon, et al. Am. J. Med. (1981) 71:100, and Roclinet al., Cell 
Immunol. (1978) 37:162. 

Histamine is an autacoid as are catecholamines, prostag 
landins and some peptides, e.g., bradykinin and probably 
lymphokines. Autacoids differ from hormones in that they 
are made at their local sites of action and they can be made 
in a variety of tissues. Autacoids play an important role in 
mediating inflammation. During inflammation, certain 
events may occur which include: protein denaturation, low 
ering of local pH, release of "new peptides' and lysosomal 
enzymes, and the like. Such events create a setting in which 
the immune system should not overreact to the new prod 
ucts. Yet, despite the ability of inflammation to generate 
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2 
likely immunogens, the inflammatory process usually is not 
accompanied or followed by grossly abnormal immune 
responses. Autacoids appear to somehow modulate this 
response. 

Autacoids affect natural suppressor cells, T cell subsets 
and B cells during various stages of immunity. Receptors for 
autacoids are non-randomly distributed (in number and 
affinity for agonist) on cells that carry out immune functions. 
Precursor B cells do not appear to have histamine and 
catecholamine receptors, while B cells committed to pro 
duce antibodies do. T suppressor (T) cells modulate the 
CAMP responses of T helper (T) and T cytolitic (T) cells 
to histamine. Mitogens alter responsiveness of these cells to 
histamine. In some cells biologic response is inhibitory (e.g. 
reduced release of antibody from B cells: inhibition of 
lymphokine release or lysis of target cells by Teffector cells 
and inhibition of release of histamine from mast cells); in 
other the response enhances immune function (e.g. enhanced 
suppression by natural suppressor and T cells or T helper 
(T) cell proliferation). The autacoids seem to be enhancing 
selected early events in immune response (e.g. enhanced 
suppressor function) while inhibiting later phases of pheno 
typic manifestations (e.g. release of lymphokines or anti 
bodies) of immunity. 
The appearance of naturally occurring suppressor cells in 

the spleens of neonatal or irradiated mice may have a key 
role in induction of immune tolerance. See Strober et al., 
Ann. Rev. Immunol. (1984) 2:219; Hertel-Wulff et al., J. 
Immunol. (1984) 133:2791; Okada et al., J. Expt. Med. 
(1982) 156:522; and Okada et al., J. Immunol. (1982) 
129:1892. These cells are related to NK cells in terms of 
their surface phenotype but differ in function. The natural 
suppressor cells appear briefly during the early maturation of 
lymphold tissue but can be induced in adults by total 
lymphold irradiation. The cells have the unique feature of 
inhibiting the antigen-specific cytolytic arm of alloractive 
immune response but leave the antigen-specific cytolytic 
arm intact. In this way, alloreactions in the regulatory milieu 
of natural suppressor (NS) cells generate large numbers of 
antigen-specific suppressor cells that in turn maintain toler 
ance in vivo. Thus, the natural suppressor cells may play an 
important role in preventing the development of host versus 
graft and graft versus host diseases in allogenic bone mar 
row chimeras, and in immune tolerance in the neonatal and 
total lymphold irradiated (TLI) mice. 

Histamine activates human T cells and enhances the 
suppressive ability of murine NS cells in vitro. See Khan et 
al., J. Immunol. (1985) 134:4100 and Sansoni et al., J. Clin. 
Invest. (1985) 75:650. After pretreatment of both human T. 
cells (leu2., 9.3) with histamine, both phytohemagglutinin 
induced T proliferation and pokeweed mitogen-induced B 
cell differentiation were inhibited. The effects were mediated 
via H receptors. Natural suppressor cells can be propagated 
and cloned in long-term tissue culture and cause nonspecific 
suppression in both in vitro and in vivo models of mixed 
leukocyte reactions. 

Therefore, methods using histamine derivatives that have 
little or no systemic effects in immune modulation and 
immunotherapeutics would be advantageous. 

SUMMARY OF THE INVENTION 

The present invention provides histamine derivatives 
preferably having the following formula: 

His-NH-(CH2)CONH-phi-CF (Formula 1) 
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where n=2-10, more preferably wherein n=3–6, and most 
preferably wherein n=5; 
and 

His-NH-CHCH3-(CH2)CONH-phi-CF, (Formula 2) 

where n=2-10, preferably 3-6, more preferably 4. 
In Formula 1 and Formula 2, phi is phenylene, particu 

larly para-phenylene. 
The invention further provides methods for inhibiting at 

least a portion of an antigen specific antibody response 
and/or a portion of a T cell proliferative response by the 
immune system of a mammal comprising administering to 
the mammal an effective amount of a composition compris 
ing at least one histamine derivative having binding speci 
ficity for at least one histamine receptor e.g. H1, H2,H3, or 
Hx and a pharmaceutically acceptable carrier or diluent. The 
invention also provides methods of treating T cell mediated 
diseases and graft rejection in an individual by administering 
to the individual a therapeutically effective amount of a 
composition comprising at least one histamine derivative 
having binding specificity for at least one histamine receptor 
and a pharmaceutically acceptable carrier or diluent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1(a-d) show the results of an immunization pro 
tocol using an embodiment of the invention. 

FIG. 2 shows the results of a T-cell proliferation study. 
FIGS. 3(a-d) show responses to Compound 1. 

DETALED DESCRIPTION OF THE 
INVENTION 

The present invention provides histamine derivatives 
(also known as a histamine congeners) having the formulas: 

His-NH-(CH2)CONH-phi-CF, (Formula 1) 

where n=2-10, preferably 3-6, most preferably 5. and 

His-NH-CHCH3-(CH2)CONH-phi-CF, (Formula 2) 

where n=2-10, preferably 3-6, more preferably 4. 
Histamine derivatives of particular interest have the fol 

lowing formulas: 

His-NH-(CH2)CONH-phi-CF, (Compound 3) 

His-NH-CHCH-(CH2)-CONH-phi-CF (Compound 2) 

His-NH-CHCH3-(CH2)CONH-phi-CF (Compound 1) 

The histamine derivatives of the inventions may be syn 
thesized by various methods according to procedures well 
known in the art. A discussion of the synthesis of the 
above-described histamine derivatives can be found in U.S. 
Pat. No. 4,996,221, incorporated herein by reference. 
The histamine derivatives may be purified by conven 

tional purification techniques, such as crystalization, or by 
chromatographic techniques, such as column chromatogra 
phy, high performance liquid chromatography, preparative 
thin-layer chromatography, or the like. 
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It is understood that the subject invention includes deriva 

tives of histamine wherein histamine is connected to a 
linking group to an amino acid of poly(amino acid) molecule 
thereby defining a conjugate. The histamine derivative may 
be linked to a carrier such as polypeptides, proteins, glyco 
proteins orderivatives thereof (all included within the name 
poly(amino acid). 
The conjugates may serve a variety of functions, changing 

the physiological character of the histamine derivative, 
acting as immunogens, providing for cell specific binding 
and the like. Depending on the purpose of the conjugate, the 
nature of the histamine derivative may be modified to lesser 
or greater degrees by adding additional functionalities, sub 
stituting groups or the like. Particularly for the production of 
antibodies from immunogens, a group may be substituted 
for another group, e.g. methyl or trifluoromethyl with car 
boxyl. Also, in the case of immunogens, substitution at 
histamine or intermediate the ends of histamine derivative 
may be desirable. 
The conjugates may be bonded through a wide variety of 

functionalites to form amide, methyleneamine, thioether, 
disulfide, sulfonamide, azo, amidine, etc. The particular 
functionality chosen will depend upon the purpose of the 
conjugate, ease of synthesis, stability of the linking func 
tionality, affect of the linking group on the physical chemical 
like. 
The number of histamine derivatives per carrier may be 

one, or any number greater than one. The number of 
histamine derivatives percarrier molecule is dependent upon 
the number of appropriate functional groups in the carrier 
and the stoichiometry used during the coupling reaction. 

Synthesis routes are well known in the art. One method 
would involve the preparation of appropriate histamine 
derivatives where the extended amine side chain or other 
location on histamine has a suitable functional group. One or 
more functionalized histamine derivatives are then, in turn, 
coupled to appropriate side chains of the carrier. Alterna 
tively, a method of synthesis may involve the initial modi 
fication of the carrier by coupling the derivative group 
moiety containing a further functional group reactive with 
histamine directly to the carrier side chain. The resulting 
carrier derivative is then coupled directly to the histamine, 
for example, by a reductive amination reaction to produce 
the conjugate. 
A number of specific physiologic and immunologic fac 

tors lead to non-random expression of histamine receptors 
and their subtypes on various cells responsible for the 
immune response. Table 1 summarizes the histamine recep 
tor activity of various derivatives of histamine: 

TABLE 1 

Dominant Interactions of Congeners with Histamine 
Receptors on Human Lymphocytes, 

Monocytes and Neutrophils 

Compound # H H2 H H. 

1 -H -i. AntiH, -H- 
2 -H - NT -- 

3 ---- NT --- 
Histamine -- -- -- AntiH, 

Compound 3 has been shown to have H2 receptor activity 
but not H1 receptor activity, and further has some Hx 
activity. As referred to herein, a compound which has 
receptor activity can bind to a specific receptor. It is believed 
that compounds having H1 receptor activity enhance the 
suppressive capacity of the natural suppressor cells via Hl 
receptor mediated mechanisms. It is believed that com 
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pounds having H2 receptor activity effect immune cell 
modulation by stimulating intracellular accumulations of 
cAMP 
Hx receptors are believed to be found only in human 

monocytes, neutrophils, and HL-60 cells that have been 
transformed. The Hx receptor system is believed to play a 
role in mediating certain immune responses such as sup 
pressing IL-4 secretion from Thelper cells, inhibiting natu 
ral T-killer cell activity, enhancing suppression caused by 
natural suppressor cells and increasing the calcium flux in 
HL-60 cells and human peripheral blood lymphocytes 
(PBL). Therefore, compounds having Hx receptor activity 
are believed to have an effect on these processes. 

Although different autacoids certainly share a number of 
molecular mechanisms of effect and do produce similar 
effects of immunosuppression, the fine specificity of hista 
mine receptors and their interactions with the congeners 
provide the potential for orchestrating the use of the likely 
complementary effects produced by combinations of con 
geners. In order to achieve a desired effect, it may be 
beneficial to provide a composition comprising two or more 
histamine derivatives. Preferably such a composition com 
prising two or more compounds is selected from the groups 
consisting of: 

His-NH-(CH2)6CONH-phi-CF (Compound 3) 

His-NH-CHCH-(CH2)-CONH-phi-CF (Compound 2) 

His-NH-CHCH-(CH2)CONH-phi-CF (Compound 1) 

In one embodiment of the invention, the histamine deriva 
tives of Formulas 1 and/or 2 are useful in methods of 
inhibiting at least a portion of an antigen specific antibody 
response by the immune system of a mammal. In particular, 
administration of an effective amount of at least one hista 
mine derivative having binding specificity for at least one 
histamine receptor inhibits the production of IgG antibodies 
while it appears that the production of IgM antibodies are 
not inhibited. Administration of at least one histamine 
derivative of Formulas 1 and/or 2 results in inhibition of an 
antigen specific antibody response by the immune system of 
a mammal of at least about 60% inhibition of the production 
of total IgG antibodies, of which at least 40% of the 
production of IgG1 antibodies are inhibited, at least 40% of 
the production of IgG2a antibodies are inhibited and at least 
40% of the production of IgG2b antibodies are inhibited. In 
particular, the specific histamine derivatives, Compound 3 
and/or Compound 1, will be of interest in inhibiting these 
antigen specific antibody responses. 

Furthermore, at least one histamine derivative of Formula 
1 is useful in inhibiting at least a portion of an antigen 
specific T cell proliferative response by the immune systems 
of a mammal. In particular, administration of an effective 
amount of such a histamine derivative inhibits T cell pro 
liferation by at least 60% and preferably by at least 80%. The 
inhibition is dependent on the dose of the histamine deriva 
tive, can endure for extended periods of time, and can be 
prolonged by repeated dosing of the histamine derivative. 
Another embodiment of the present invention provides 

methods of treating T cell mediated diseases or a method of 
treating graft rejection in an individual comprising admin 
istering to the individual atherapeutically effective amount 
of a therapeutic composition comprising at least one hista 
mine derivative of Formulas 1 and/or 2 along with a phar 
maceutically effective carrier or diluent. T cell mediated 
diseases which can be treated include but are not limited to 
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6 
diabetes, T cell leukemia, endotoxin induced food poisoning 
and mycosis fungoides. In particular, the specific histamine 
derivatives, Compound 3 and/or Compound 1, will be of 
interest in treating T cell mediated diseases or treating graft 
rejection in an individual. 
The manner in which a composition comprising at least 

one histamine derivative of Formulas 1 and/or 2 is admin 
istered to a mammal varies widely in accordance with 
methods well known in the art. The composition is prefer 
ably administered with a physiologically suitable or phar 
maceutically acceptable carrier or diluent. The carrier may 
be any physiologically acceptable buffer as is know in the art 
and includes but is not limited to phosphate buffered saline 
(PBS). Suitable methods of administration include but are 
not limited to: orally, parenterally, by injections or the like. 
Pharmaceutically effective concentrations and dosages of 
compositions comprising at least one histamine derivative 
will vary widely, depending upon the purpose, host and 
particular derivative employed. Concentrations may vary 
from less that 10-1M, and preferably less than or equal to 
10-3M. Suitable single pharmaceutically effective dosages 
of such compositions range from about 0.5 mg/kg body 
weight to about 100 mg/kg. A preferred range is from about 
1 mg/kg to 50 mg/kg. Suitable pharmaceutically effective 
daily total dosages range from about 1 mg/kg to 100 mg/kg. 
The invention is further illustrated by the following 

non-limiting examples. 

EXAMPLE 1 

The following experiment shows the inhibition of the 
production of IgG antibodies in mice as well as the inhibi 
tion of the production of the IgG antibody subclasses IgG1, 
IgG2a, IgG2b (which comprise at least a portion of the total 
IgG response), as a result of administering to the mice 
compound 3 and challenging the mice with a T cell mediated 
antigen, horse myoglobin (h-Mb), which elicits an IgG 
antibody response. 

Anti-Horse Myoglobin ELISA 
ELISA plates were coated with 10 ug/ml commercially 

available horse myoglobin (h-Mb) in PBS 50 ul/well over 
night at 4 deg C. The plates were washed with PBS once. 
The plates were then coated with 50 ul BBA (1 mg/ml) and 
washed with PBS once. The plates were then coated with test 
serum diluted in PBS-Tween, 50 ul/well and incubated at 4 
deg C. overnight. The plates were then washed with PBS 
Tween three times. Anti-IgG (1:2000) was added and diluted 
with PBS-Tween. For the IgG antibody subclasses, anti 
IgG1, anti-IgG2a, anti-IgG2b was diluted and added to 
selected wells. Incubation was at 4 deg C. for two hours. 
Washing was with PBS-Tween 2 times with 5 minutes 
between each wash. A 1 mg/ml OPD in citrate buffer 
solution pH5 was prepared and 10 ul of H2O2/10 ml was 
added to the buffer solution. 50 ul of buffer was added to 
each well and the plates were placed in the dark for about 10 
minutes. The reaction was stopped with 50 ul of 5N H2SO4 
in each well. The plates were then read on an Elisa reader. 

Immunization 
The following immunization protocol was repeated sev 

eral times. The results have been collected in FIGS. 1a-d. 
This experiment was done using two groups of 2-6 

DBA/2 mice (average weight 22 grams). One group of mice 
were given one treatment of compound 3 intravenously one 
day before antigentreatment (day-1) and two days following 
antigen treatment (day-2). The dose of compound 3 was 
approximately 36 mg/kg in 100 ul of PBS. The other group 
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of mice was given a saline control in 100 ul PBS. On day 0 
the two groups of mice were injected with 100 ugh-Mb in 
100 ul CFA intravenously (i.v.). The mice were then boosted 
fourteen days later with 100 ug of h-Mb in 100 ul IFA. The 
mice were bled 30 days later. 

TABLE 2 

Experimental Protocol 

Group 1 5 mice Day 0, Day 14 100 ugh-Mb 
Day - 1 & Day + 2 36 mg/kg compound 3 

Group 2 5 mice Day 0, Day 14 100 ugh-Mb 
Day - 1 & Day + 2 PBS Control 

All sera was tested on the above described Elisa for IgG 
and IgG subclass antibody response to h-Mb. As shown in 
FIGS. 1a-d, mice immunized with compound 3 had a much 
lower total IgG response to h-Mb compared to the saline 
control mice here there was a significant IgG response. 
Furthermore, the mice immunized with compound 3 showed 
a lower IgG1, IgG2a and IgG2b response than did the saline 
control mice in all of those same IgG subclasses. 

FIG. 3(a-d) shows results of a comparable experiment 
carried out using Compound 1. In this experiment, mice 
immunized with compound 1 show a lower IgG, IgG1 and 
IgG2a response than did the saline control mice. 

EXAMPLE 2 

The following experiment shows T cell proliferation in 
mice in response to treatment with compound 3 and chal 
lenge with commercially available sperm whale myoglobin 
(SpWMb) antigen. In this model, the response to SpWMb is 
mediated through CD4+ T Cells. 
T Cell Proliferation Study 
Two groups of DBA/2 mice were tested. One group of 

four mice was a control. The other group of four mice were 
treated with compound 3. Both groups of mice were immu 
nized using approximately 100 ug per mouse of SpW-Mb 
plus CFA intravenously on day 0. On day-1 and day+2, one 
group of mice was given approximately 32 mg/kg com 
pound 3 in 100 ul PBS i.v. 
On day 8, the mice were killed and the draining lymph 

nodes were removed and a single cell suspension was made. 
The cells were then plated out in a 96 well U-bottom plate 
at a concentration of 4x106 cell/ml in media containing 1% 
mouse serum. The cells were then challenged in vitro with 
antigen diluted at 1, 5, and 25 uM in media without serum. 
The plates were then placed in the incubator at 37 deg C. On 
day 4 the wells were pulsed with tritiated thymidine and on 
day 5 the plates were harvested. The results are shown in 
FIG. 2. 
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What is claimed is: 
1. A compound of the formula: 

His-NH-(CH2)CONH-phi-CF, 

wherein n=2-10 and phi-CF is para-trifluromethylphenyl, 
and wherein said compound has H2 receptor activity but not 
H1 receptor activity. 

2. The compound of claim 1 wherein n=3-6. 
3. A compound of the formula: 

His-NH-(CH2)CONH-phi-CF, 

wherein n=2-10 and phi-CF, is para-trifluromethylphenyl, 
and wherein said compound has Hx receptor activity. 

4. The compound of claim 3 wherein n=3-6. 
5. A compound of the formula: 

wherein phi-CF is para-trifluromethylphenyl. 
6. A therapeutic composition comprising a histamine 

derivative having the formula: 

His-NH-(CH2)CONH-phi-CF, 

wherein n=2-10 and phi-CF is para-trifluromethylphenyl, 
and a pharmaceutically acceptable carrier or diluent. 

7. The composition of claim 6 wherein n=3-6. 
8. The composition of 7 wherein the said histamine 

derivative has the formula: 

wherein phi-CF is para-trifluromethylphenyl. 
9 A composition comprising His-NH 

(CH2)3CONH-phi-CF and at least one compound 
selected from a group consisting of 

His-NH-CHCH-(CH2)CONH-phi-CF, 

and 

His-NH-CHCH-(CH2)CONH-phi-CF, 

wherein phi-CF is para-trifluromethylphenyl. 


